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Abstract
Water and nitrogen availability are fundamental for obtaining a high yield of the watermelon plant. However, 
the appropriate levels of irrigation and nitrogen to be applied according to specific cultivation conditions 
should be previously determined. The objective of the present study was to evaluate the effects of irrigation 
and nitrogen levels in fertigation on the phytotechnical parameters and yield of the Top Gun hybrid watermelon 
plant. The experiment was conducted at São Luiz Ranch, in Bom Jesus (PI), from August 4 to October 15, 2015. 
The blocks in strips experimental design was used with four repetitions, and the treatments consisted of five 
irrigation depths (114.17, 156.86, 221.16, 268.87, and 317.09 mm) and five doses of nitrogen in fertigation (0, 50, 
100, 150, and 200 kg ha-1). The growth rate of the main and primary branches, leaf area, specific leaf area, stem 
diameter, dry mass of the aerial part, number of fruits, and commercial production per plant were evaluated. 
Both hydric and nutritional stress caused decreased growth rates, leaf areas, and specific leaf areas, and the 
highest growth expressions were found with the combination of a 317.09 mm irrigation depth and 200 kg ha-1 
nitrogen. The irrigation depths did not influence the diameter of the stem nor the accumulation of dry mass. 
Nitrogen doses did not influence the number of fruits and production. The 247.95 mm irrigation depth promoted 
the highest commercial fruit production of the watermelon plant. 
Keywords: Citrullus lanatus, water deficit, irrigation depth, fertigation
Introduction
The watermelon crop has worldwide distribution; 
it occurs mainly in tropical regions, grown both in irrigated 
and dry agriculture systems (Morais et al., 2008). Although 
the use of irrigation can maximize crop yield, adequate 
control of the irrigation depth is required for specific crop 
and farming conditions. According to Najafabadi et al. 
(2018), the water requirement of the watermelon crop is 
of 400–600 mm.
Studies developed by Morais et al. (2008), Melo 
et al. (2010), and Özmen et al. (2015) have showed the 
beneficial effects of adequate soil water availability on 
the parameters of growth, physiology, efficiency, and 
yield of the watermelon plant. Melo et al. (2010) found 
that the maximum leaf area growth and main branch 
growth rate were obtained with the application of the 
204 mm irrigation depth. Özmen et al. (2015) found the 
highest yield per plant of 16.90 kg plant with an irrigation 
depth of 464.90 mm.
Another way to maximize growth, yield, and 
water use efficiency in agricultural crops is through the 
application of nitrogen (N) fertilizers. N is one of the 
macronutrients that actively participates in the synthesis 
of the chlorophyll molecule, contributes to vegetative 
growth, improves the quality of harvested fruits, and 
can also mitigate the effects caused by water stress 
(Badr et al., 2016; Sheshbahreh et al., 2019), in addition 
to promoting economic benefits. However, excessive 
dosage applications can increase the osmotic potential 
of the soil solution and consequently reduce water 
absorption.
By evaluating the effects of conventional N 
fertilization on watermelon cultivation, Araújo et al. 
(2011), Barros et al. (2012), and Nowaki et al. (2017) found 
that the maximum yield of watermelon was obtained 
with applications of 144.70, 114.76, and 187 kg ha-1 of N, 
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respectively. However, Morais et al. (2008) found that the 
highest fruit yield was obtained with 421 mm of water and 
267 kg ha-1 of N applied in a conventional way. The use 
of the fertigation technique can reduce the amounts of 
N applied, improve the efficiency of use of this nutrient, 
as well as maximize the growth and fruit yield of the 
watermelon plant.
Edaphoclimatic conditions influence variations in 
crop water and nutrient consumption. Therefore, periodic 
studies are required to estimate the water and N demand 
for each specific crop condition. In view of the above, 
the objective of the present study was to evaluate the 
effects of irrigation depths and N levels in fertigation on 
phytotechnical parameters and yield of the watermelon 
plant.
Material and Methods
The experiment was conducted at São Luiz 
Ranch (9°05'20,4''S, 44°20'55,1'' W; altitude of 283 m) in 
the municipality of Bom Jesus, Piauí, in an area of 2,500 
m2, in August–October 2015. The climate at this region 
is dry sub-humid with an average annual rainfall of 900–
1200 mm and an average temperature of 26.5°C, but 
temperatures of 40°C are common during the year.
The soil at the experimental area is classified as 
Fluvial Neosol, with free sand and sand textural classes in 
the 0.0–0.20 and 0.20–0.40 m layers, respectively. The soil 
was prepared by plowing and grading, and by chemical 
analysis; liming was calculated by the base saturation 
method, which was used to raise the saturation to 60% 
and correct acidity. Dolomitic limestone with Relative 
Power of Total Neutralization (RPTN) of 94% was applied 
to a dosage of 1.05 Mg ha-1 and incorporated at a depth 
of 0.20 m. After 30 days of correction, the soil had the 
chemical, physical, and water attributes shown in Table 1.
The experimental design adopted was of blocks 
in strips with four repetitions. Treatments corresponded to 
the application of five irrigation depths (50, 75, 100, 125, 
and 150% of the reference evapotranspiration) and five 
doses of N in fertigation (0, 50, 100, 150, and 200 kg ha-1 of 
N) in the watermelon plant crops. The useful area of each 
experimental plot was occupied by five plants, totaling 
20 m2.
Seeds of the Top Gun hybrid were used because 
of its growing acceptance in the market and lack of 
technical information in the region. The planting was 
performed by direct sowing in the field, in pits of 0.3 × 0.3 
× 0.3 m (width × length × depth) and with one seed per 
pit (2.00 × 2.00 m space for each seed).
Phosphate and potassium fertilization were 
performed based on the soil chemical analysis (Table 1) 
and following the fertilization and liming recommendations 
for the State of Ceará (Aquino et al., 1993). The following 
quantities and sources were used: 120 kg ha-1 of simple 
superphosphate locally distributed in each pit 10 days 
before planting; and 120 kg ha-1 of potassium chloride 
distributed according to the rate of application of this 
nutrient for the crop (Table 2). The localized drip irrigation 
system consisted of: 3 hp pump with 8.5 m3 h-1 flow, 3,500 
rpm rotation, and 70% yield; disk filter; ducts, main piping, 
and 50 mm nominal diameter (ND) PVC piping lines 
measuring 10, 50, and 3 m respectively. The secondary 
Table 1. Chemical, physical, and water attributes of the soil in the 
experimental area in Bom Jesus, PI, Brazil.
Attributes Layer (m)
Chemicals 0.0–0.20 0.20–0.40
pH (CaCl2) 5.3 5.0
P (mel) mg dm-³ 4.3 2.4
K (mg dm-³) 53.0 30.0
Ca (cmolc dm-³) 2.1 1.5
Mg (cmolc dm-³) 1.2 0.9
S (mg dm-³) 3.4 4.0
Al (replaceable) (cmolc dm-³) 0.2 0.3
Na (mg dm-³) 6.0 5.0
M.O (g dm-³) 11.0 7.0
Physical
Coarse sand (g kg-1) 628.8 656.8
Fine Sand (g kg-1) 266.5 245.5
Silt (g kg-1) 42.0 31.3
Clay (g kg-1) 62.6 66.0
Particle density (g cm-3) 2.86 2.70
Soil density (g cm-3) 1.61 1.64
Water
FC (%, by volume) 16.9 13.2
PWP (%, by volume) 4.0 4.5
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lines of the system consisted of: PVC pipes of ND 32 mm 
from which the side lines of polyethylene of 16 mm of 
ND measuring 52 m came out, with idrop drippers online 
equispaced by 2.0 m with unit flow rate of 8 L h-1, service 
pressure of 1 bar, and discharge coefficient of the flow-
pressure curve "x" equal to 0.5.
The water used for irrigation came from a well 
drilled at a depth of 150 m and was stored in a tank 
(3.0 × 6.0 × 2.0 m; width × length × depth) with a total 
capacity of 36 m3. The water had the following physical 
and chemical characteristics: CE = 30.22 µS/cm; pH = 5.1; 
Ca = 1.0, Mg = 0.6; K = 0.4; Na = 3.9; Cl = 4.5; CHO3 = 3.4 
(in mg L-1). The water was classified as excellent quality for 
irrigation purposes (C1S1).
The applied irrigation depths were calculated 
based on reference evapotranspiration (ETo) obtained 
through the Penman-Monteith method and adapted 
by FAO (Allen et al., 2006). The following values of crop 
coefficients (Kc) obtained by Ferreira (2010) were used: 
0.44 for phase I (1–12 days), 0.97 phase II (13–32 days), 
1.51 phase III (33–64 days), and 1.28 (65–73 days) for 
phase IV. The methodology proposed by Keller & Bliesner 
(1990) was used to determine the reduction coefficients 
(KL) by localized irrigation for each irrigation depth.
Daily climatic data (Figure 1) were obtained from 
an automatic meteorological station of the National 
Institute of Meteorology (INMET), installed at the Federal 
University of Piauí (UFPI) in Bom Jesus, at the Campus 
Profª Cinobelina Elvas - CPCE, which is located 1000 m 
from the experimental area. This station comprised air 
temperature, relative air humidity, solar radiation, and 
wind speed sensors, with which ETo was calculated daily. 
As wind speed can only be obtained at a height of 10 m 
in the meteorological stations of INMET, the conversion to 
a height of 2 m was performed following the equation 
proposed by Allen et al. (2006). The variations of the 
irrigation depths started and finished at 20 days and 53 
days after the emergency, respectively.
N fertigation (urea form) was performed daily 
throughout the cycle, established from the march of 
application of this nutrient to the crop (Table 2) (Andrade 
Júnior et al., 2007). The solutions were injected into the 
irrigation system using a venturi type injector with an 
application rate of 80 Lh-1 and a working pressure of 1 
bar.
Figure 1. Weekly averages during the trial period (2015) in Bom Jesus (PI) of maximum, minimum, and average air 
temperatures and radiation balance (A); and of maximum, minimum, and average relative air humidity and wind speed 
(B).
Table 2. Nitrogen and potassium application march used for watermelon plant.
Nutrient Days after emergency (DAE)
1–13 14–20 21–27 28–34 35–41 42–48 49–55 Total
K2O 5% 5% 8% 16% 18% 23% 25% 100%
N 6% 7% 15% 27% 30% 10% 5% 100%
N (kg ha-1) N applied (g plant)
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
50 1.2 1.4 3.0 5.4 6.0 2.0 1.0 20
100 2.4 2.8 6.0 10.8 12.0 4.0 2.0 40
150 3.6 4.2 9.0 16.2 18.0 6.0 3.0 60
200 4.8 5.6 12.0 21.6 24.0 8.0 4.0 80
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Foliar applications of calcium (6.0%, 79.8 g L-1), 
magnesium (2.0%, 26.60 g L-1), and boron (1.0%, 13.33 
g L-1) were performed through the Liqui-plex source 
at an interval of 7 days from the 33rd day after sowing 
(beginning of flowering) to 66 days after sowing. Weed 
control was carried out through weeding and pest and 
disease management in a preventive manner with 
weekly applications of products recommended for the 
production of the watermelon plant.
The fruit was harvested at 73 days after sowing. 
Point of harvest was identified based on the drying of 
the tendril closest to the fruit and on the change in fruit 
color especially in the region in direct contact with the 
soil, which changed from white to light yellow (Araújo 
et al., 2011). The morphophysiological variables were 
quantified based on the growth rate of the main branch 
(GRMB, m day-1) and the growth rate of the primary 
branch (GRPB, m day-1), which was measured from the 
largest primary branch issued by the plant. Growth rate 
assessments were performed by weekly readings from 
the 10th after seedling emergence (Melo et al., 2010). 
The stem diameter (SD, cm) and leaf area (LA, m2) of the 
plants were determined at 72 days after sowing using a 
digital pachymeter and benchtop leaf area integrator 
model LI-3100C, respectively.
At the end of the crop cycle, two plants from 
each plot were collected and dried in a forced circulation 
greenhouse at 65°C until they reached a constant mass 
to obtain the accumulation of dry biomass from the aerial 
part (g plant) (Ferraz et al., 2011). The specific leaf area 
(SLA, cm2 g-1) was calculated by the ratio of LA to dry leaf 
mass (Ferraz et al., 2011; Ramos Júnior et al., 2013).
The number of commercial fruits per plant was 
calculated as the number of commercial fruits in each 
plot divided by the number of plants in the plot. Finally, the 
commercial production of fruit per plant (kg plant) was 
determined by the ratio of the total mass of commercial 
fruit in the plot to the number of plants. Fruits classified as 
commercial were those free from mechanical damage, 
phytosanitary problems, stains, and deformations, and 
with a mass of 10 kg or more.
The data were submitted to a variance analysis 
at a 5% significance level. In case of isolated significant 
effect among the factors, a quantitative analysis of 
polynomial regression was performed by testing the linear 
and quadratic models. For the variables that presented 
a significant interaction effect, analysis of response 
surfaces was performed. The models used were chosen 
based on the significance of the regression coefficients, 
at the level, of 5% significance, and the highest value of 
the determination coefficient (R²).
Results and Discussion
Hot and dry weather conditions resulting from 
dry air and the high amount of energy available as solar 
radiation (Figure 1) predominated during the crop cycle 
favoring the occurrence of high evapotranspiration 
demand (Figure 2). In these conditions, the increase in 
wind speed promoted an increase in evapotranspiration; 
small variations in wind speed may result in significant 
variations in the evapotranspiration process (Allen et al., 
2006).
Figure 2: Reference evapotranspiration (ETo) values 
observed during the 73 days of watermelon plant crop 
in Bom Jesus (PI) under experimental conditions in 2015.
In the present study, ETo was of 4.5–9.13 mm (mean 
= 6.3 mm day-1) and above 6.5 mm on approximately 
51% of the cultivation days; values of 5–7 mm day-1 are 
typically considered high (Allen et al., 2006). During the 
experimental period, there was no occurrence of rainfall; 
therefore, all responses in crop growth and yield related to 
water availability occurred only because of the variation 
in the irrigation depths applied.
The irrigation depths for the treatments of 50, 75, 
100, 125, and 150% of ETo corresponded to the application 
of 114.17, 156.86, 221.16, 268.87, and 317.09 mm cycles, 
respectively. These results are close to the 100–300 mm 
irrigation range applied by Melo et al. (2010), Ferreira et al. 
(2013), Ferreira et al. (2015), and Abdelkhalik et al. (2019). 
However, they are below the water requirement of the 
watermelon plant described by Najafabadi et al. (2018) 
of 400–600 mm. The variations observed in the water 
requirement of the watermelon plant may be justified by 
variations in climate, soil, cultural management, and the 
cycle of cultivars.
When analyzing GRMB and GRPB, a significant 
effect of the interaction (p<0.01) among the factors 
was noted. Maximum expressions in the growth of 0.114 
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and 0.101 m day-1, respectively, were found in the 
combination of 317.09 mm of water and 200 kg ha-1 of N 
(Figure 3). For the GRMB, N was evidently the most limiting 
factor, contrary to what was observed in GRPB, for which 
the irrigation depth was more limiting, indicated by the 
greater slope for this factor in the response surface.
Figure 3. Response surfaces of the main branch (A) and primary branch (B) growth rates of the watermelon plant as a 
function of irrigation depths and nitrogen doses in fertigation. ** significant to 1% significance by Student's t test.
In the present study, we found lower growth rates 
in plants that received 114.17- and 156.86 mm irrigation 
depth combined with 0 and 50 kg ha-1 doses of N. These 
results can be attributed to the soil water deficit, which 
causes a reduced contact of N ions (NO3- and NH4+) 
from the soil solution with the root system because N is 
absorbed by mass flow; this in turn causes decreased 
plant growth (Wang et al., 2017), cell elongation by 
decreasing the water flow of the xylem, and increase of 
stomatal closure, which reduces the photosynthetic rate 
(Hu et al., 2010; Zhang et al., 2013) and consequently 
decreases growth rates.
The elongation of branches in watermelon plants 
implies gains in LA, improving the photosynthetic capacity 
of the plant, and this elongation is influenced by the 
amount of water available in the soil (Melo et al., 2010). 
Water deficiency virtually affects all aspects of growth, 
including anatomical, morphological, physiological, and 
biochemical modifications of crops (Talbi et al., 2015). 
This occurs especially in olericultural crops such as the 
watermelon plant, which are more susceptible to water 
deficit, especially with large variations in soil water levels, 
resulting in reduced vegetative growth (Melo et al., 2010; 
Mo et al., 2015; Abdelkhalik et al., 2019).
The watermelon plants that expressed the 
highest growth rates of main and primary branches had 
earlier and more abundant flowering, corroborating the 
observations of Melo et al. (2010); these authors found 
the maximum growth rate of 0.132 m day-1 for the main 
branch of the Crimson Sweet cultivar with the use of an 
irrigation depth of 143.33 mm.
As well as the growth rates of branches, LA was 
also influenced by the significant interaction between 
the factors (p<0.05). LA was found to increase as irrigation 
and N levels in fertigation increased. The analysis of the 
response surface showed that the 317.09 mm irrigation 
depth, together with the application of 200 kg ha-1 of N, 
was responsible for the highest LA value (2.24 m2) (Figure 
4A).
The greater availability of water and N in the 
soil favored the greater growth of the main branch 
and of primary and secondary branches (Figure 3), 
allowing a greater development in number and size of 
leaves, maximizing the gain in LA (Figure 4A). According 
to Morais et al. (2008), the foliar expansion rate and its 
contribution to the photosynthetic process are related to 
the vegetative growth velocity, and a higher LA results 
in improvements in the production of photoassimilates. 
The lower LA observed in water and N deficit conditions is 
possibly characterized as a mechanism of adaptation of 
the plant to both hydric and nutritional stress. In cucurbits 
such as the watermelon plant, the increase in N dose 
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stimulates growth and an increase in LA (Antunes et al., 
2014).
In the present study, LA (2.24 m2) was greater 
than that observed by Melo et al. (2010) for the Crimson 
Sweet cultivar (1.831 m2) with a water volume of 197.2 
mm. It can be inferred that the variations in LA are 
related to the applied irrigation depth, a form of fertilizer 
application, as well as to irrigation management and 
local edaphoclimatic conditions. Moreover, in the 
present study, the plants emitted small leaves and in 
lower intensity under water and N deficit conditions; this 
is in accordance with Wang et al. (2017) and Najafabadi 
et al. (2018), who also found a decrease in the LA of the 
watermelon plant under water deficit conditions.
Figure 4. Response surfaces of leaf area (A) and specific leaf area (B) of the watermelon plant resulting from the irrigation 
depths and nitrogen doses in fertigation. ** significant to 1% significance by Student's t test.
The response of SLA is the result of the variations 
that occur in the LA and the accumulation of biomass in 
the aerial part. The foliar area is a morphophysiological 
component of a plant species, whereas biomass is 
an anatomical component of a plant species as it is 
related to the internal composition (number and size) 
of mesophyll cells, and the inverse of SLA reflects the 
thickness of the leaves (Ferraz et al., 2011). In this study, 
it was found that the SLA of the watermelon plant was 
significantly influenced by the interaction between the 
factors (p<0.05). The analysis of the response surface for 
SLA showed that the watermelon plants that received 
317.09 mm of water and 200 kg ha-1 of N showed the 
highest results of 129.05 cm2 g-1 (Figure 4B). The SLA 
showed similar behavior to the LA, with lower means 
observed under water and N deficit conditions in the 
soil. The decrease in SLA with increased water stress was 
also observed in other crops such as melon (Ferraz et 
al., 2011) and in cover plants such as black oats, millet, 
graniferous sorghum, and guinea sorghum (Ramos Júnior 
et al., 2013). Based on these results, it can be inferred 
that plants that grew under both hydric and nutritional 
stress had greater leaf thickness as a form of adaptation 
to stress. The increase of SLA in the higher levels of water 
and N probably contributed to reducing the resistance of 
the leaf mesophyll to CO2 flow, favoring the achievement 
of higher photosynthetic rates.
Stem diameter (SD) and dry mass accumulation 
of the aerial part (DMAP) were influenced only by the 
application of N doses in fertigation (p<0.01). The data of 
both variables were adjusted to the quadratic polynomial 
regression model (Figure 5A and B). Quadratic regression 
response to dry biomass levels of watermelon plants 
in function of N dose application was also reported by 
Araújo et al. (2011). From the derivations of the adjusted 
equations, the estimated maximums of 17.76 mm and 
262.74 g per plant were obtained with the applications of 
114.08 and 124.63 kg ha-1 of N, respectively.
In this study, increments of 23.08% and 22.71% of 
SD and DMAP, respectively, were found for the treatment 
without N application; this is attributed to the N deficiency 
in this treatment, which causes decreased vegetative 
growth and less accumulation of dry biomass from the 
aerial part. N is essential for growth as it participates in 
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the synthesis of important N compounds such as proteins, 
chlorophyll, and DNA (Ishida & Makino, 2018) favoring 
growth, development, and accumulation of plant 
biomass (Yang et al., 2013).
Figure 5. Regression for stem diameter (A) and dry mass accumulation of the aerial part (B) of the 
watermelon plant in function of nitrogen doses in fertigation; the average number of commercial fruits (C) 
and commercial production per plant (D) in function of irrigation depths. ** significant to 1% significance by 
Student's t test.
Under low N quantities in the soil, as is the case 
with the treatment of 50 kg ha-1 of N, the plants did not 
fully express their genetic potential. In this condition, 
a series of morphological and physiological changes 
occur that negatively affect the growth and partition 
of assimilated N between the source organs and drains 
(Pereira Filho et al., 2014). The increase in DMAP can be 
inferred to have also resulted from gain in LA; however, 
the severe attacks of Didymella and Mildew at the end of 
the crop cycle, mainly in the treatment of 200 kg ha-1 N, 
affected the accumulation of dry biomass and caused 
decreases in this treatment.
The irrigation depths influenced the number 
of commercial fruits per plant (p<0.05). The data of this 
variable notably adjusted to the growing linear regression 
model, with a maximum of 1.67 fruits per plant at 317.09 
mm of water (Figure 5C). This result is justified by the high 
growth rates and LA gain that occurred in this irrigation 
treatment, increasing the production of photoassimilates 
and consequently, the number of fruits per plant. The 
study developed by Abdelkhalik et al. (2019) also pointed 
to a reduction in the number of fruits of the watermelon 
plant with an increase in water deficit. However, Özmen 
et al. (2015) evaluated the effects of irrigation depths on 
watermelon plants and found no significant difference in 
treatments regarding the number of fruits per plant.
Agricultural crop yields are affected by both 
water and soil nutrient availability. In the present work, 
a response of the commercial fruit production of the 
watermelon plant to N fertigation was expected; 
however, this did not occur. Maize, beans, and soya 
cultivations in previous years, as well as levels of organic 
matter, plant debris, and leaching of nutrients such as 
N itself, likely contributed to the lack of response in fruit 
production of the watermelon plant to N fertigation.
The results of the present study show that only the 
irrigation depths influenced the commercial production 
per plant (PP) of the watermelon plant (p<0.01). The 
estimated maximum of 24.34 kg per plant was obtained 
with the application of 247.95 mm of water, with a 
decrease in yield from this point (Figure 5D). The increase 
in vegetative growth rates, LA, SLA, and the number of 
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commercial fruits observed in the 317.09 mm irrigation 
depth did not reflect in significant gains in the commercial 
production of the crop, which can be attributed to an 
increased competition in photoassimilate translocation 
resulting from the increased number of fruits (Figure 5C). 
This increase, however, promoted a decrease in the mass 
of commercial fruit, resulting in fruit outside the trade 
pattern required by the domestic market.
The decrease in PP after the 247.95 mm irrigation 
level probably resulted from nutrient leaching to deeper 
soil layers. In non-excessively acidic sandy soils with low 
cation exchange capacity and low water retention 
capacity, as is the case of the Neosol used in this study 
(Table 1), the use of high irrigation depths favors the 
leaching of nutrients from the root region of the crop 
(Campelo et al., 2014; Nowaki et al., 2017).
In this study, the lowest yields per plant were 
found with the irrigation depths of 114.17 and 156.86 mm. 
These results are in line with those reported by Özmen et 
al. (2015), Najafabadi et al. (2018), and Abdelkhalik et 
al. (2019), who also observed lower yields of watermelon 
fruits under water deficit conditions.
Conclusions
The phytotechnical parameters of the 
watermelon crop were negatively affected by water and 
N deficiency in the soil. The 317.09 mm irrigation depth 
combined with the application of 200 kg ha-1 of N favors 
the growth and development of the crop but hinders PP. 
The maximum commercial production is obtained with 
the 247.95 mm irrigation depth.
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